The main objective of this article is to point a set of practical strategies that can be adopted to increase the capacity of constraints resources on production systems, when the constraint is inside the factory and not is in the market. To serve this purpose will be presented strategies based on best practices of the Theory of Constraints, Lean Manufacturing and Total Productive Maintenance. This article also presents the mains tools for the deployment of these methodologies.
INTRODUCTION
argue that to measure the capacity of productive systems it is a complex task, due to action of the following factors: politics of the company, trustworthiness of the suppliers, trustworthiness of the equipment, taxes of production, impact of the human factors and variability. For Hopp and Spearman (2001) the variability exists in all the production systems and can cause great impact in the performance of capacity. For this reason, the ability to measure, to understand and to manage becomes it critical for an efficient administration of the production.
Aiming at to manage and to raise the capacity of manufacture systems, this article investigates the contributions that can offer Theory of Constraints (TOC), Total Productive Maintenance (TPM), Lean Manufacturing and its elements.
The integrated use of the Theory of Constraints with the Lean comes being argued for some authors as Dettmer (2001) , Antunes (1998) , Scheinkopf and Moore (2004) , Sproull (2009) and Pacheco (2013; . Dettmer (2001) for instance, indicated the following points of similarity between the two approaches: they possess the common objective to increase profits, the value is defined by the customer, the factor quality is essential for both, they aim at the reduction of the lots of production, search the flow, the increase of the capacity continuous, the minimization of the inventory and the participation of the work force fulfill excellent paper in the success of the unfolding of the method and the tools. Bonal et al. (1996) had shown that the integrated use of the TOC and the TPM results in a boarding of increase of the financial results of an organization, from the increase of the efficiency and the capacity of the productive passes. Ed Rose et. al (1995) presented the following benefits of the integrated use of the TOC and the TPM to raise the capacity of systems: i) with the identification of the restrictive equipment using the TOC, a directed teams of TPM can itself be created to decide to take its performance; ii) when identifying the pass, the next resource also must be analyzed to reduce the losses of the productive flow; iii) it is possible to add to the TPM an improvement program contend other approaches (5S, visual control, fast exchange of tools, analysis of stops of machines, etc.) that they contribute to raise the capacity of the bottleneck.
Having in sight the above-mentioned points of convergence, it is viable to think about the unification of the two techniques in quarrel guided to raise capacity of http://www.ijmp.jor.br v. 5, n. 2, February -May 2014 . ISSN: 2236 346 productive systems. Being thus, the present article will go to explore this analysis being aimed at to present a set of extracted strategies of TOC, Lean and TPM.
TOYOTA SYSTEM OF PROUCTION (TPS): THE DNA OF LEAN
With intense global competition, firms strive to provide their customers with highly valued products and services. Demanding customers expected these firms to integrate complex sets of requirements in terms of outstanding quality, competitive prices, reliable delivery and innovative features (TOMINO et al., 2009) . In this context, the lean philosophy is growing and invading companies in the West. As Shingo (1996b) the production systems can be understood by the logic of the Mechanism of Function Production (MFP). In the logic of the MFP the production constitutes a net of processes and operations or phenomena that if locate throughout axes that if divide in parts. In the concept of production of Shingo (1996a) , the MFP can be understood according as: i) function process: the flow of products between http://www. ijmp.jor.br v. 5, n. 2, February -May 2014 . ISSN: 2236 347 the operations in the time and the space, that is, materials, tasks, ideas; ii) function operation: the flow of the citizen of works in the time and the space, that is, the operators and the machines. Shingo (1996b) affirms that the priority of the production improvements, must be given to the function process and thus being the strategies presented in this work to raise the capacity of productive systems are related to the function process.
According Ghinato (1996) the TPS has been more recently, referenced as "Lean Production System". The term "Lean" was created originally in the book "The Machine that Changed the World" of Womack, Jones and Roos (1990) , as resulted of an ample study on the world-wide automobile industry carried through by the MIT in which it proved the advantages in the use of the TPS. The study it evidenced that the TPS provided to expressive differences in relation to the productivity, quality, development of products and explained the success of the Japanese industry at the time. In this direction, the 5 principles of the Lean, as Womack and Jones (1996) and Rother and Shook (1998) are: i) Necessarily to specify the value for specific product;
ii) To identify the flow of value for each product; iii) It makes the value to flow without interruptions; iv) To pull; v) To search the perfection.
TOTAL PRODUCTIVE MAINTENANCE (TPM)
For Nakajima (1988) the measures of Index of Operational Income Global (IROG) must be considered as an operational indicator and can inside be applied in diverse levels of a manufacture system. It can be used with benchmark to measure the level of performance of a productive system of global form. That is, the IROG is measured initially and compared with an IROG future after the system to have passed for a program of improvements or then compared with the performance of other similar systems. It can be calculated in systems of manufacture with diverse lines of production, providing to verify which the real levels of use of the assets of the industry.
The IROG can individually be calculated in machines, making possible to identify which machines they possess high performance or low (in relation to one given goal), thus directing the focus of action of the TPM with one all. The quarrel of the IROG is central for the calculation of the capacity because it determines the http://www.ijmp.jor.br v. 5, n. 2, February -May 2014. ISSN: 2236-269X DOI: 10.14807/ijmp.v5i2.134 348 practical capacity and not theoretician of the equipment and systems. Equation 1 presents the generic equation of calculation of the IROG:
Where:
tp: it is the time of cycle or time standard of product X; q: it is the amount of processed products X;
T: it is the available time for production. Politou (2013). The quarrel of this article to raise the capacity will go to approach and to detail the 5 steps of the focus and method DBR of the TOC. Goldratt (1991) presents the five steps of the targeting process:
It is verified in this equation
Identify the restriction of the system. It can be internal or external to the company. When the total demand of data mix of products is bigger of what the capacity of the plant says that a production pass has itself. However, when the production capacity is superior to the production demand the restriction is external to the productive system, that is, the restriction is related with the market and to the performance of the commercial area of the company.
Explore of the best possible form the restriction of the system. If the restriction is internal to the plant, the best decision consists of maximizing the profit in the pass.
If she will be external to the system in data time, they do not exist passes in the plant and the profit will be limited by the restrictions of the market and to the sales performance of the company.
Subordinate all the too much resources to the decision taken in step 2. The logic of this step, independently of the external or internal restriction to be, consists of reducing to the maximum the operational inventories and expenditures and at the same time to guarantee the maximum theoretical profit of the production system. http://www.ijmp.jor.br v. 5, n. 2, February -May 2014. ISSN: 2236-269X DOI: 10.14807/ijmp.v5i2.134 351 Raise the capacity of the constraints. If the pass will be internal is necessary to increase its productive capacity. This can be made through changes of layout, equipment purchase, reduction of the variability, reduction of setup, etc. In this step, the Toyota Production System presents a series of tools and techniques of improvement that can be used, that they will not be argued by not being the focus of the analysis. Already the variability can be understood and be improved from the optics of the Factory Physics developed by Hopp and Spearman (2001, chapter 7 and 8).
Come back to step 1 not to leave that inertia takes account of the system. When raising the productive capacity of the restriction the system becomes, a priori, a generic system, what it generates the necessity to analyze it is again. Steps 4 and 5 they show the character of searched continuous improvement in the TOC, with the objective systematically to reach permanent and the global goal of the system: "to today generate profit and in the future".
The DBR aims at to operationalize in the factory the five steps of improvement of the processes of the TOC. To Georgiadis and Politou (2013) , DBR approaches provide production managers with effective tools to manage production disruptions and improve operational performance. To Lee et al. (2010) DBR works effectively in typical job shop environments. Traditional DBR uses a three-buffer system to protect both the due-dates and detailed finite capacity schedule of the capacity constraint resources (CCR). This approach offers more protection than merely keeping the CCR from starvation as a result of delay on the non-constraint resources. Starvation is defined in TOC as the condition where the constraint resource is without work to perform. From a system perspective, if the constraint buffer is empty and the constraint is idle or starved, system throughput is lost (BETTERTON; COX, 2009 ).
TOC defines Throughput as the rate at which the system generates 'goal units'. According Watson, Blackstone and Gardiner (2007) , the phase 'Explore of the best possible form the restriction of the system' seeks to achieve the highest rate of throughput possible within the confines of the system's current resources. The output of the system is limited by the rate of throughput at the constraint; therefore, the third step is to subordinate the system to the constraint. In this way, DBR uses the 'rope' to fit non-constraint resources according constraint resource production rate. http://www.ijmp.jor.br v. 5, n. 2, February -May 2014 . ISSN: 2236 
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The elements of logic DBR are: 'Drum': it is the pass of the system, which determines its total productive capacity; therefore, it defines the rhythm of the production and restricts the capacity, that is, is the drum of the system, a time that said its rhythm of production; 'Buffer': it is the protection placed before the drum for to prevent the impact of the variability, as variation, machine in addition in the process time, problem of quality or lack of substance cousin to produce. It has three types of lung that can be used in this case: lung of time, inventory or of capacity; and 'Rope': it has the objective to signal the necessity of entrance of materials in the system, to feed the lung and the pass and to limit the amount of set free raw material for the plant. A reference model to realize the strategic management of productive capacity of the manufacturing integrating TOC and efficiency indicators can be found in Pacheco et al. (2012a) .
PROPOSITION OF STRATEGIES TO ELEVATE CAPACITY OF INTERNAL CONSTRAINTS
From the literature review, intervention strategies related to the fourth step of the TOC (Raise), apply when the bottleneck is inside the factory, is when the total demand for a given product mix is greater than the capacity of the plant. As Antunes and Rodrigues, (1998), Umble and Srikanth (1990) , Goldratt (1990) : 10.14807/ijmp.v5i2.134 353  Strategy 4: Improve the quality control system. The initiatives should ensure that there is no defective part is processed in the neck, which can be obtained by adopting a 100% inspection immediately before the bottleneck should also ensure that all part is that go through bottleneck Throughput (GOLDRATT, 1992; CORBETT, 1997) for managing the organization, is the production of defects and rework after the bottleneck is zero.
 Strategy 5: Making the contracting out or outsourcing of work from the bottle.
In other words, implies subcontract or outsource part of production that was previously done by its neck in order to purchase additional capacity (UMBLE; SRIKANTH, 1990 ).
 Strategy 6: Buy additional capacity. You can obtain the following ways: buying new machine, hiring new workers to the neck, using overtime for workers in the neck or adding shifts to production.
 Strategy 7:
Relocation of the operations previously performed in the neck for other non-bottleneck machines that are operating with a surplus of capacity.
The goal this point is to divide the operation of the bottleneck in smaller suboperations and redistribute them.  Strategy 24: Apply the sixth principle indeed the lot of transference does not need to be, and many times do not have to be, equal to the lot of process. The lot of process is the amount of product processed in a resource before the same it is moved to manufacture one another different product that is, after the execution of setup. Lot of transference is the amount of units that are removed and put into motion at the same time (in one it crowds) of a resource for the following resource. To use lesser lots of transference of what the lots of process present considerable advantages: it helps to keep the synchronization of the production, soon after the pass, how much lesser the used lot of transference lesser will be the total time of crossing of the products and how much lesser the lots of transference more quickly will be discovered the defects of product quality or parts.
http://www. ijmp.jor.br v. 5, n. 2, February -May 2014 . ISSN: 2236 356  Strategy 25: Apply the seventh principle that says the process batch should be variable. The process batch should be variable along the route of manufacture and over time. It is reasonable to assume that the lot in process can vary throughout the route of manufacture due to the impact of the statistical fluctuations of the system and the different capacities of the resources.
CONCLUSION
This article sought to achieve a set of strategies can be adopted to increase the capacity constraints in production systems, where the constraint is internal to the factory, from of the TOC, TPM and Lean. Was enumerated a set of 25 intervention strategies that contribute to the increased capacity of restriction in a manufacturing system. Is valid considering that the strategies listed before being applied in the real world, require the analysis of two important variables: time and investment required. Antunes (1998) suggests that to reduce the preparation time, to improve the feed of the machines and avoid the time lost in the bottleneck typically require low investments. To extend that study suggested that: include in the discussion of the vision of Six Sigma methodology and Factory Physics, aiming to bring new analysis variables giving more robustness to propositions and include in the discussion of the remaining items of the TOC analysis as the VAT analysis and thinking process tools.
For new researches in industrial manufacturing context, the starting point of alignment between three approaches to the production strategy can be found in Pacheco (2012b) .
